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INTRODUCTIOX.

To the enquiry of which the results are given in the present

Report the Medical Research Committee offered assistance as

part of their co-operation in the investigations of various kinds

conducted on behalf of the Health of Munition Workers' Com-
mittee. The employment of women upon an immense scale in

munition factories and workshops seemed to provide a unique

opportunity for determining the results, so to speak, of a gigantic

experiment, in which women were exposed by the national

necessities to an unfamiliar stress of factory life. The simul-

taneous and systematic organisation of this female labour in

many parts of the country at once, under central control by
the Ministry of Munitions, allowed statistical data to be secured

without an undue expenditure of clerical labour and in numbers
sufficient to give the results real significance.

The proper mobilisation of women for national tasks, like

that of men, is fundamentally a medical problem, and the

measure of the success achieved in it, expressed in terms of the

rate of disappearance of recruits unsuitably enlisted, seemed

likely to yield information of a new and valuable kind. But
the results have shown that the rates of loss by the falling out
of wTomen from the employed ranks at given tasks were too

high to be accounted for in terms of physical unfitness alone.

As Captain Greenwood points out in his report, it must be taken
as being definitely established that the

"
existing rates of loss

in manufactories are unnecessarily high, and that so long as they
continue the effective mobilisation of labour for national service

has not even been approximately realised. When expressed in

terms of the whole munition making female population, the

avoidable losses must amount to many thousands." Avoidable
loss means here in the main a loss not due to physical incapacity
or ill-health. The causes at work in producing it must receive

their explanation elsewhere, and must indeed remain unexplained
until they can be expressed by further analysis in terms of

social and economic factors through the organised studies of

welfare wrorkers and the systematic
"
following up

"
of absentees.

This side of the problem, however, lies outside the sphere of

medical research.

Nevertheless, some broad results of medical interest emerge
clearly from Captain Greenwood's work. The collected facts

show that the general strain of factory life in itself is not borne
worse by elder than by younger women, but that when the

general wear and tear of factory conditions is combined with

physical labour of more than a light or medium degree, women
over 23 years of age cannot as a whole stand the strain so well
a>i their juniors. We are speaking here only of women engaged
during physical maturity, and not in the decline of life, and yet
the difference between the junior and senior members of this

young adult class is well marked. As' Captain Greenwood



concludes,
"

it is distinct enough to make an attempt at systematic
recruiting of the older women for the physically lighter labour
and of the younger women for the more strenuous tasks worthy
of practical attention." There seems little doubt that the ex-

planation is to be found, as he suggests, in the fact that the
senior women will in larger proportion be married and have

young children than their juniors, and will obviously be less

likely to have the same reserves of strength and energy for the

double demand made upon them at home and in the factory.

The thoroughness with which Captain Greenwood has availed

himself of the exceptional opportunities offered to him for this

enquiry has appeared to the Committee to justify, even at the

present time, the full presentation of his numerical data. These

may long serve as a standard for reference when subsequent
work of a similar kind is undertaken in the future.
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IX MtMTIOXS FACTORIES EMPLOYING
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I. INTRODUCTION.

The Health of Munition Workers' Committee have discussed

various problems which offer themselves for solution when the

object proposed is the greatest possible output of munitions pur-
chased at the least possible cost of money, health and time. They
have shown that certain hygienic standards ought to be estab-

lished for the material conditions of the factories, that the hours
of labour ought not to exceed a maximum which is different in

different classes of work, that the exact organisation of day and

night work is of moment and the system, as distinct from the

amount, of wages remuneration by no means a matter of

indifference. It has also been made probable that waste of time

may be diminished by a heedful organisation of working periods.
On the basis of these results various improvements have been

suggested, some of which have now been carried into effect.

One very important matter has not, however, been discussed :

viz., the regularity with which employees in munition factories

continue to perform their tasks. Although it is true that a

majority of the operations carried out in munitions factories

do not require a high degree of manipulative dexterity, hardly
any are such that practice does not lead to increased precision
of work and therefore rapidity of output. Thus in the manu-
facture of cartridge cases, perhaps the simplest type of opera-
tions, all the Committee's investigators agree that an employee
cannot attain her maximum degree of efficiency until she has
been engaged some weeks on her task.



It follows, therefore, that a factory the operatives in which
are constantly leaving and being replaced by new workers, cannot
attain the same level of output as one in which the working
population is stationary, and it becomes of importance to obtain
exact information as to the extent to which munition workers
do really change their employment. In obedience to the in-

structions of the Committee that I should collect and submit
to them data for a consideration of this problem, a preliminary
report was completed in May, 1917. Since that time, my
transfer to the headquarters of the Welfare and Health Section
has enabled me to amass further material, and the report is less

incomplete than would otherwise have been the case.

Discontinuity and intermittency of employment are a familiar

topic to economists, the able study contained in the report of

the Minority of the Royal Commission on the Poor Laws being
well known. Some of the large factors influencing the variations
of employment in peace-time industries are, however, inappli-
cable to munition work in war time, and pro tanto the problem
is simplified. We have not, for instance, to consider changes of

demand the demand for munitions is constant and practically
infinite neither have we to allow for the desire, or alleged
desire, of certain employers to maintain a reservoir,

"
a stagnant

pool," of intermittently employed hands. But there are other

complications which if not peculiar to are at least intensified

by war conditions. One of these applies directly to men and

indirectly to women, viz., the increasing demand of the military
authorities for recruits. This must tend to shorten the average
expectation of industrial life among the men directly and among
the women indirectly, since an increasing fraction of the latter

will be drawn upon to fulfil necessary services outside the walls

of munition factories when the men in unreserved but still vital

occupations are recruited.

The second complication more immediately concerns the

women. In the flush of patriotic enthusiasm many women,
and doubtless not a few men, crowded into occupations of

national importance, anxious to do their "bit." Some of these

were unaccustomed to long hours of monotonous labour
; they

had not learned or perhaps had forgotten, the bitter lesson of

experience, viz., that enthusiasm is no substitute for dogged
endurance. Instead of attributing their discomforts to the true

cause, they blamed their health or the hygienic surroundings
of the factory, and optimistically concluded that some other

form of national work would be more congenial and better

suited to their abilities. This motive of change which in normal
times is held in check by the fear that when a job is lost no other

may be found, has free play in the case of persons not forced to

earn their bread, and even operates upon necessitated wage
earners when the demand for most sorts of labour is much

greater than the supply.



II. PREVIOUS INVESTIGATIONS.

It is a priori impossible to say whether the conditions

special to peace time work and absent from war work effectively
balance those special to war work and not normally in action,

but it seems desirable at the outset to ascertain how labour

does fluctuate in any peace time industry, the conditions of

which are tolerably stable. The most recent contribution to

this subject comes from America, and is contained in a report
of an investigation by Mr. Joseph H. Willits, carried out in

Philadelphia and published under the title
"
Steadying Employ-

ment "
in the Annals of the American Academy of Political and

Social Science for May, 1916.

Many of the facts recorded in this interesting document are

not relevant to the Committee's task, but the following are note-

worthy. A particular shop in a carpet mill was intensively

studied, it was chosen because the kind of work done to some
extent avoided the variability of seasonal trades, fashion being
a relatively unimportant element and slack seasons being
utilised to manufacture for stock. The dates of engagement and

discharge of the employees were tabulated for the period 1907-15,
and the following results emerged : Of males, employees hired

between 1907-15, 4 per cent, remained in employment over 5

years, 3 per cent. 4-5 years, 4 per cent. 3-4 years, 5 per cent.

2-3 years, 9 per cent. 1-2 years, and 75 per cent, less than one

year. Forty-eight per cent, of the men and 37 per cent, of

the women remained in the service of the firm less than ten

weeks.

A wider but less detailed study made by Mr. Alexander of

the General Electric Company, of a large number of factories of

all sizes in the United States and Europe showed that on

January 1st, 1912, 38,668 persons were employed in the factories

studied, and on December 31st, 46,796, or an increase of 8,128.
But the records also showed that in the interim 44,365 persons
had been engaged, so that 36,237 had dropped out of employment
during the year, or about 5| times as many people had to be

engaged as constituted the increase of forces at the end of the

period.

These figures, as published, are not amenable to the analysis
to which I have subjected certain munitions factory data to be
discussed later on in this report, but it wr

ill be of interest to con-
trast them with some material which is also not suitable for

detailed study.

I obtained from a large munitions factory the following

figures :

In effect, the number of women employed at the end of June,
1916, was 4,571, and at the end of October 6,237, an increase of



1,666. During this period 2,791 were engaged and 1,125 left

The number of engagements being 167-5 per cent, of the net
increase in four months. Here also we see suggested a very
large amount of discontinuity, and it is to be remarked that

while in these months, together with the previous month (June),
the firm lost 1,516 female employees, in only 663 cases, or

43-7 per cent., was the cause of leaving known to the firm, the
balance of 56-3 per cent, having simply vanished. These statistics

are quite inadequate to permit us to unravel the causes of

changing employment, but they illustrate its importance and
show that the problem merits further investigation.

III. STATISTICAL METHODS USED.

Before detailing such investigations, it will be appropriate to

describe the methods of analysis which seem suitable to the

case.

The form in which we desire to express our statistics is

analogous to that of an ordinary life table. We wish to know
how many out of some basis number, say 1,000, starting to work
will still be employed at the end of one month, two months,
three months, &c. Mr. Willits has expressed his results in this

form, but it is not clear from the summarised statement how the

rates were computed and whether "
exposed to risk

"
totals

were formed and rates of loss ascertained, or how the entrants

still at work were treated
;

in a word, whether the summary
relates exclusively to completed industrial lives. Assuming that

we should proceed by the life table method, there are two distinct

possibilities. The first involves the preparation of a separate
card or slip for each entrant during the period of exposure
studied.

Suppose for instance that we are investigating all the employees
of a certain factory who entered between 1st June and 31st

December, 1915, and had left by, or were still at work on, 1st

January, 1916. We shall (supposing for the sake of illustration

that we do not use a finer unit of time than one month) prepare
a series of cards upon each of which is entered the number of

months each employee had remained in service, neglecting odd

weeks, in the case of those who had left, or the nearest number,

reckoning a duration of less than two weeks as zero, a duration

of two weeks to one month as one month, &c., in the case of

those still employed. From these cards we can build up the

population exposed to risk of leaving for each month of service.

Thus, the population exposed to the risk of leaving in the first

month of employment will consist of :

(1) All those still at work after a month's service.

(2) All those who had left after having served at least a

month.

(3) All those who left in the first month.



So that the rate of loss in the first month will be (3) divided by (1)

plus (2) plus (3). Similarly for the next month we obtain the

exposed to risk by subtracting the number leaving in the first

month and the number still at work, but only having been at

work for a single month (and therefore not exposed to the risk

of leaving in the second month).

This is a method often used in assurance offices for preparing
the crude or unadjusted rates of mortality among their policy

holders, and the assumptions and approximations involved will

be found discussed in works on actuarial technique.*

The second, sometimes called the census method, is less

accurate, but requires also less minuteness of treatment. Suppose
we wish to study the industrial life table, as we may call it, for

the period of 1916, which we will suppose divided into thirteen

lunar months of four weeks. Suppose that we knojw the number
of entries and the number of losses during each month of 1915

and 1916. Suppose, further, that the losses of each month are

classified into those who had been employed not more than
one month, those that had been employed from one to two months,
from two to three months, &c.

Then, on the assumption of losses and gains being uniformly
distributed throughout the month to which each figure relates,

it is easy to determine the rate of loss for each period of employ-
ment as experienced during 1916. The numbers leaving with
less than one month's service during each month of 1916, divided

by the sum of the entrants in each month, except the last of

1916, with the addition of half the entrants in the last month of

1915, and half the entrants of the last month of 1916 will give
the rate of loss for the first month of service. The "

exposures
"

in the second month of service will be the sum of half the entrants

in the last month but one of 1915, all the entrants from the last

month of 1915 to the last month but two of 1916 and half the

entrants in the last month but one. From these are to be

subtracted the losses in the first month of service from the last

month of 1915 to the last month but one of 1916 (inclusive).
The losses in the second month of service during 1916 divided by
this sum will give the rate of loss in the second month of service

;

this method can be carried back to the eleventh month of service

if data for two years are available, and is practically the ordinary

process used in preparing the data for a general life table, in the

case of the early years of life, except that we have omitted the

adjustment of the exposed to risk by comparison with the census

population, that is the actual mean numbers of employees at

work during the year 1916, and the subsequent graduation of the

rates.

* A very clear non-technical account is contained in Elderton and
Fifford's

"
Construction of Mortality and Sickness Tables." (Black) 1914.

More complete information can be found in Blaschke's
"
Vorlesungen

iiber Mathematische Statistik." (Teubner) 1906.
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IV. PRELIMINARY EXAMINATION OF DATA.

One or other of these methods has been used in reducing the

munition data. The first set of data obtained was not complete
enough to allow either of these processes to be employed in its

entirety, and consisted of the particulars set out in Tables 2-4.

They come from the cordite department of a large munitions

factory.

Taking Table 4 first, for the full year from August 28th, 1915,
to August 28th, 1916, we find that an increase of 624 has been
the result of 1,031 new engagements among men, while 914
accessions have been obtained by 1,527 new entrants among
women, percentages of 165 and 167 respectively, which compare
favourably with the almost identical ratio of 167 per cent, in

the case of the munition firm data quoted above, and relating to

a period of only five months and also favourably with the peace-
time ratio given in the American report.

The second method of reduction outlined in the previous

description cannot, however, be satisfactorily applied to these

data. Not only is the period for which losses are classified by
length of service restricted to seven months, but in addition the

total losses for these months do not agree with the detailed losses

set out in Tables 2 and 3. In the case of the women/ as the total

losses of Table 4 for the seven months are greater (476 against 416)
than the losses classified by length of service, the presumable
explanation is that some girls left without- particulars of their

length of service being recorded. But in the case of the men the

totals from the detailed table is larger than that of the summarising
table, so that some confusion with employees in another depart-
ment of the works must have occurred. Lastly, the time intervals

are unequal, being calendar months, or, in the case of the first

period, five weeks.

For these reasons it is futile to prepare averages purporting to

bear comparison with exact rates of losses computed by any
actuarial method. As a matter of curiosity, however, a calculation

was made on the assumption that the intervals of time were

really equal and that the rates of loss for different periods of

service shown for the seven available months still applied to

earlier experience. With these assumptions, it appeared that

the rates of loss were approximately as shown in Table 5,

from which we deduce that among the girls some 36 per cent, of

entrants will have left by the end of the seventh month from

entry, and a rather smaller percentage of the men. This, although

comparing favourably with the Carpet Mill returns obtained by
Mr. Willits, shows a considerable absolute loss ;

but the basis of

computation is so conjectural that it would be quite improper to

attach more than the slightest degree of importance to the figures

until controlled by more precise data.
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V. DETAILED EXAMINATION OF A LONDON FACTORY, WITH

COMPLETE RECORDS.

(A) Nature of Records.

The next set of data merits closer attention, and is worthy of

completer analysis. It is discussed in full detail, both to illustrate

the method and because its extent and accuracy are greater than

attained by any other set studied.

The data were collected in a munitions factory of high standing,
the investigators being afforded every facility in consulting and

tabulating the very full records kept.

The factory is at present organised in two main departments,'
one producing cases and bullets the other carrying out cartridge
and grenade filling operations. The distinction is not absolute,
but it is roughly true to say that the former does not handle

explosives while the latter does
;

hereafter the two are denoted

by L.I and L.2 respectively. The firm has for some years past
maintained a card index system, and the name, age, previous

occupation, character, and reason for leaving has been recorded

in nearly every case since 1910. Particulars of entry are indeed

available back to 1907, but it does not appear that details as to

discharge were universally recorded prior to 1911. This investiga-
tion is therefore confined to the period irom January 1st, 1911,
to December 1st, 1916. The whole of the cards were copied each

upon a separate slip (I have to thank Mr. S. H. Burchell for

undertaking this tedious work), and the duration of employment
of each girl computed in the way described above.

The computed durations are not strictly accurate as the

differences of length of the calendar months have been ignored ;

the practical error so introduced is quite unimportant in the

present connection.

The data were classified into two main groups : (1) covers

the entrants from 1st January, 1911, to 4th August, 1914, and
the rates of loss are deduced from the numbers leaving within

the same period out of the entrants
; (2) deals with entrants from

4th August, 1914, to 1st December, 1916, the rates of loss similarly

depending on the experience of that period. An analysis was also

made of the rates of loss since the war among employees, who
having been engaged before the war, but since 1st December
1911, were still at work for varying periods after the 4th August,
1914. The numbers in this category were, however, quite

inadequate to provide useful tabulations (451 girls and women),
and are not here discussed. In each of the two main groups,
four sub-groups were formed consisting respectively of girls and
women aged 13-17 inclusive, 18-22, 23-27 and 28 or over at the
time of engagement. The actual number of separate engagements
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dealt with was 8,818.* This is larger, of course, than the number
of separate girls as there were numerous re-engagements.
Evidently, however, for our purposes, the re-engagements should
be the fundamental data. These different groups were then

analysed by months from to 24 (i.e. those leaving after twenty-
four months were counted as

"
existing at the close of the period "),

it having been found on preliminary trial that the data were
insufficient to provide rates for later months

; indeed, as it is,

the rates for months beyond the sixth or seventh are evidently

subject to large errors of sampling, and have little value.

(B) Classification by Causes of Leaving.

The causes of leaving were classified into three categories :

(1) Those who left on account of ill health.

(2) Those who left for some sufficient reason other than
that of health.

(3) Those who left for no reason or for an insufficient one.

The meaning and limitations of this classification which has

been used in all subsequent analyses must be fully grasped.

(1) needs little comment save to remark that the diagnosis of ill

health has not necessarily been made by a medical man, but is,

in an unascertainable proportion of cases, merely the girl's

statement, and that girls who left after an accident are included.

Under (2) were comprised (a) girls who left to be married
; (b)

girls who were moving from the district
; (c) girls required at

home on account of illness there, or, in the case of married women,
to keep house

; (d) girls who found the wages earned insufficient
;

(e) girls discharged by the firm not for misconduct, but because

they were unsuitable or because work was slack
; (/) girls

considered by the factory surgeon to be physically unfit, although
not complaining of illness. Under (3) were grouped : (a) girls

who left without giving any reason at all
; (b) girls discharged

for misconduct
; (c) girls leaving for other employment without

assigned reason, girls wanting a change, or
"

dissatisfied," or

*
Sixty-five more slips were sorted into occupational groups than were

used for the tables of losses. Nearly all these are accounted for by the
number of girls still at work who had been engaged less than two weeks
before the conclusion of the period of observation. An excess cf ten

observations in the group of ages 13-17 in the first sorting is not explicable
in this way, and is due either to a mistake in counting or sorting. It

having been found that no sensible difference would be made in the rates

by the discrepancy, the tabulation was not re-checked. In addition to

the slips used for tabulation thirty-nine other entries were found which
did not record all the particulars. No use could be made of these. The

register also contained the names of 865 girls and women, engaged before

1st January, 1911, who were still at work or had been discharged between

191 1-17. For the reasons stated in the text these data were not available

for the investigation.
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stating the work to be
"
unsuitable." It may be mentioned that

a large majority of (3) consisted of the girls giving no reason at

all, whom we may colloquially term the vanishing girls.

(c) Discussion of Findings.

Tables 6-21 were prepared in the manner above described,
and Table 22 gives the distribution of the peace time and war time

entrants by occupations prior to entry. In these, and subsequent
tables, the first column gives the month of service, e.g., the figure
one means the second month of service, while the second column
records the number which was exposed to risk of leaving in that

month.

A feature common to all the tables is the heavy rate of loss

in the first two or three months' service. It is to be especially
remarked that the rate of loss in the first month is a minimum
figure. In addition to the girls registered in the firm's card index,

1,420 girls are known to have worked in the factory between
1910 and 1917 for periods varying from a few minutes to a few

days. These cases are really industrial still-births never deemed
to have a separate industrial existence, or, to vary the metaphor,
they may be regarded as visitors, not residents. Clearly, their

inclusion would suffice to double the rate of loss in the first month.
Since the criterion adopted by different firms as to what girls

shall be registered as definitely engaged may vary, rates of loss

during the first month can only be compared when due allowance
has been made for any such difference of system. Rates of loss

in the second and subsequent months are not in general subject
to this criticism.* A second characteristic is the large proportion
of losses for which no satisfactory reason can be assigned. Taking
the general table (7) as an illustration, it appears that of 1,000

girls entering the factory 132 will not outstay the second month.
Even had there been no loss from sickness or from other reasonable

cause the 1,000 would still have been reduced by 10 per cent,

for no sufficient reason. (See also Table 23.) As this is a

minimum figure (still-births excluded), and is the experience of a

firm of high standing thoroughly familiar with the industry,
which they have not entered upon for the first time since the war,
it is evident that the absolute losses of hands occurring in

munition factories are serious. Workers leaving with less than
two months' service can, on the average, have made but very
small contributions to the output of munitions. While, on the

debit side of the account, we must enter the trouble to which

they have put the officials of labour bureaux and the adminis-

trative staff of the factory, as well as, in some cases, the demands
made upon the transport facilities of the country. In the light

* It is, however, important to remember that in some factories girls
are not struck off the books as having definitely left until after the

expiration of several weeks. This will sometimes explain a sudden rise

in the rate of loss during the second or third service months.
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of our new tables we may fitly return to the case of Table 1 and
estimate whether the factory showing those results was losing
hands at a greater rate then the one here specially considered.

First, as to the numbers of those said to have started in each
month who would still be present at the end of October. Using
the appropriate rates from Table 7, we conclude that of the

3,413 entrants less than 542 would have been lost by the end of

October. We have no information as to the distribution by
length of service of the 4,340 already at work on June 1st, but

assuming 14 per cent, to have been in their first month, 16 per
cent, in their second month, 18 per cent, in their third, 20 per
cent, in their fourth, and the remainder in the fifth month of

service, we should expect 659 to be lost or the total losses to have
been 1,201. Actually they were 26 per cent, more, viz., 1,516.

Owing, however, to the difficulty about the system of registration
we cannot be certain that this is really a worse result than would
have been found in the other factory.

Turning to the data of Tables 2-5, the proper comparison is

with Table 8, as the factory providing Tables 2-5 handled cordite.

The rates of losses from all causes are in very fair agreement, but
the cordite factory lost many more for reasons of health. This

may point to a real difference, owing to the nature of the work

being different in the two cases
;
but more extensive material is

necessary to enable one to pronounce a definite opinion.

We can now compare the three tables as wholes. It must be
noted that the total rates entered at the feet of the tables are to

be regarded with suspicion ; comparisons of them are open to an

objection similar to that involved in the use of crude death-rates.

The numbers at risk at different ages are not in the same proportion
in the different populations, for instance, 8-8 per cent, of the total

exposed to risk is in the service group for Table 6, but 10-4 per
cent, in Table 7 and 14-6 per cent, in Table 8. As the rate of

loss in every table is much higher in the first few months than

in the later months, this causes the comparison of the crude

averages to be unduly favourable to the pre-war populations
because the latter include proportionally more girls in the later

months of service. A better general idea is got from a study of

diagrams. In Diagram 1 we have the curve of rates of loss for all

causes, and it is seen that on the whole the peace-time rates run

higher than the war-time rates for the case and bullet department,
and are not very markedly different from the war-time filling

department. The losses of the first month are higher in each

war-time experience than among the peace-time employees, but

this is set off by higher rates among the latter in subsequent
months. But an important modification is necessitated by the

fact that, before the war, periods of slack trade led to the discharge
of girls whose services were not required, and no such factor has

been in operation at this factory since the war. Consequently,

Diagram 2 is more instructive. From this (paying of course very
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little attention to the erratic percentages for the later months)
wi i may conclude that the trend of events is much the same in

the peace time and war time industrial populations. But the

suggest ion will be made that the class of the population in factories

is now very different from what it was before the war, so that an
identical rate of loss may mean really a greater steadiness owing
to the gross rate being increased by the presence of a percentage
of girls who are really unfit, by virtue of temperament or nurture,
for the strenuous life of a factory. Some light is shed on this by
Table 22, giving the occupations of the employees before engage-
ment. So far as the girls under 18 are concerned, the occupational
distributions are similar in peace time and war time experiences.
This remark also applies to the group 18-22. No useful com-

parison can be made in other classes owing to the smallness of

the corresponding peace-time populations. Leaving on one side

the question whether such differences as do appear are significant,
in the statistician's sense of the term, it certainly cannot be

urged that they are of much practical importance, or that the

war-time population is very unlike the peace-time population in

respect of the occupational classes from which it has been
recruited.

We may now briefly consider points suggested by the detailed

tables. Such detailed comparisons will not be pressed far
; they

involve a proper evaluation of the
"
probable errors

"
of the

constants compared, and, in view of the fact that most of the

differences are absolutely small, it is unprofitable to devote much
labour to the rather intricate calculations which such a study
involves.

(D) Losses through III Health.

Less than 300 girls quitted their employment on account of

ill health or as the result of some accident during the whole period.
The distribution of losses for different lengths of service cannot
be satisfactorily elucidated. It does not appear that the

differences are significant when one age group is compared with
another (Table 24) ;

the crude rate is highest in the filling depart-
ments and lowest in the peace-time case and bullet section.

Expressed as yearly rates the range from 33 to 61 per 1,000 is

considerable, and the amount would, if confirmed on larger

numbers, imply that sickness is a somewhat important cause of

leaving. But, for the reasons given, I do not think that any
such definite inferences should be drawn. The subject will

come up for fuller discussion when we consider the whole of the

data collected.

(E) Comparison of Peace Time and War Time Results.

The diagrams and Tables 6, 7, 8, supra, have suggested that,
when the losses from all causes are considered, the war time
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experience is somewhat more favourable than the peace time
results. This is borne out by a more exact test when attention is

paid to age. The group chosen was that for ages 18-22, and it

was found that the probability of the observed difference being
a chance event was small. A good deal of the discrepancy was
due to the much higher rates of loss in the months beyond the

tenth among peace time workers, but even without that group's
contribution to the value of ^

2 the fit is not good.

It has been pointed out above that the advantage of the war
time workers is decidedly less when only losses without reasonable
cause are considered.

(F) Comparison of Age Groups.

The test has been applied to the age groups 13-17 and 18-22
of the war-time case hands, and the result is indecisive (Table 24).
It is of course possible that some differentiation will be found to

exist when we have the advantage of dealing with larger numbers,
and more data will be found in subsequent paragraphs. At

present it does not appear that any difference which is practically

important can be demonstrated.

(G) Comparison by Occupations.

The general tables, together with the data provided by the

factory manufacturing cordite, suggested that the rates of loss

in departments handling explosives and chemical substances

generally were higher than among the machine hands of the case

and bullet departments. A comparison of workers at ages

beyond 28 years in the two departments (this age group was
chosen owing to its size in the case of the filling hands) neither

confirms nor refutes this suggestion. All that can be said is that

the differences is not so great that it could not be regarded as a

coincidence. Here, again, the data are inadequate for pro-

nouncing a final judgment.

(H) Summary.

The chief result of the analysis so far described is to establish

the fact that the loss of effectives in a well-managed munition

factory due to theoretically avoidable causes is great. It cannot,

however, be taken as proved that the whole of the girls who left

without giving any reason for so doing had in fact no sufficient

reason.

The loss of effectives, amounting to not less than 10 per cent,

and probably to more than 10 per cent, of the original strength,
after a period of employment so short that little useful service

has been rendered must be contributed to by some or all of the

following causes :



(1) The default of the employee herself, such as caprice,

unwillingness to submit to discipline, love of the

excitement of change for its own sake.

(2) The fault of the employer as displaying want of judg-
ment in the selection of candidates for employment,
the conditions of which are unknown to the applicant
but known to the employer.

(3) Similar lack of judgment on the part of the officials of

labour bureaux.

No national system of organisation can eliminate these causes

of wastage, but it may be possible to diminish them.

So far as the default of the employee is concerned, the State

has endeavoured to meet the evil by the introduction of the

permit system. I find, however, that difference of opinion exists

among factory managers as to the efficiency of this system. It

has been urged that since the penal mechanism must be set in

motion by the original employer (i.e., if another firm engages the

girl without permit, this firm is only penalised when the first

employer takes action) it is impossible to take effective action

without over-straining the administrative staff.

The other side of the case, viz., the improper selection of

applicants, merits further attention. Factory administrators and
the officials of labour bureaux indulge in mutual recriminations.

On the one hand it has been complained that in a certain national

factory the engagement of boys is carried out by the supervisor
of the Welfare Department, and that this officer is imperfectly

acquainted with the technical conditions and requirements of

the shops needing fresh hands, with the consequence that the

labour exchange is put to needless trouble owing to the incomplete-
ness of the particulars furnished. On the other hand, cases are

said to have occurred in which a labour exchange has sent quite
unsuitable candidates to factories situated at long distances from
the exchange, with the consequence that both time and railway
accommodation have been squandered. It is not, however,
the province of this report so much to deal with causes as to

contribute to knowledge of effects which stand in need of explana-
tion.

VI. STUDY OF A COUNTRY FACTORY.

We have now studied the conditions observed in a factory
located in the suburban area and will pass to one in very different

surroundings. Factory L.7 is in the open country, six miles

by rail from the nearest town and still further from any large

city. L.7 is indeed very isolated. There is no village in its

immediate neighbourhood, no sleeping accommodation and not

even a picture palace. A very small number of the workers
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can lodge in a village two miles away, but the vast majority must
travel at least six miles to and from their work. At present the
women work in two eleven hour shifts with weekly change.
Forty-eight hours elapse between coming off one shift aftd entering
upon another. There is no Sunday work. All labour is time

work, and the rates paid suggest that the total earnings are on
the average greater than in L.I and L.2 although the hourly
remuneration is not. The work is divided into that of the cordite

and that of the guncotton department ;
it is therefore roughly

similar to that of L.2.

Ample provision is made for the care of workers' health and
comfort. In these respects, factory L.7 is probably unsurpassed
by any other in the country.

The arrangements are controlled by a matron, who is a trained

nurse, having under her four or five forewomen specially appointed
(never promoted from among the workers), who have charge of

the mess rooms, kitchens and changing rooms. Special attention

is directed to the catering arrangements, the governing principle

being that an ample supply of nourishing, well-cooked food must
be provided for women at work. Employees are obliged to take

advantage of these arrangements, nobody being permitted to

bring food into the factory.

All the workers receive dinner and. tea (which latter meal is of

a substantial character) for lOd. per diem, which sum is deducted
from wages. Special trains run to the factory to convey workers
to and from their places of employment ;

in these the women
travel free of charge.

Engagements are effected through the labour exchanges of

the two towns least remote from L.7, and no direct applications
for work are entertained. Any woman absent for more than two

days without communicating with the management is auto-

matically discharged, but in practice all these cases are followed

up and the sick visited.

The rate of wages has not been increased (except in the case

of charge-women) since L.7 was opened, roughly twelve months

ago (written in February, 1917). At present (i.e. when the

data were collected) there are approximately 900 women at

work.

Tables 25-28 contain the analytical results which are

strictly comparable with those above, and may be contrasted

with the tables relating to L.2. For women over 28 the rates of

loss from all causes in the first month of service are much the

same in the two factories, but those for no sufficient reason are

half as many again in L.2. In all other months at this age,

and for all months at other ages, the rates are very much lower

in L.7 than in L.I or L.2.

As will be seen from Table 29, if the rates of loss found in

L.2 had applied to the present factory, there would have been
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227 losses
; actually there were 79, or little more than a third

of the expected number.

Table 30 gives the distribution of the employees by previous

occupation, and brings them into comparison with those of L.2

(war time employees). It will be seen that the distributions are

by no means identical. Unfortunately the age groups over 28

cannot be properly compared owing to the large proportion of

women from L.2 the previous occupations of whom are unknown.
In age group 23-27 the domestic servants, laundry hands and

shop assistants are in considerable excess at L.7, and the factory

girls in defect. The same remark applies to the under 22 group
where, also, the girls not previously engaged in directly paid
work (that is, those said to have done "

household work ") are

only half as numerous as in L.2.

This is a very interesting fact, and the question arises whether

(a) the women who have had no previous experience of factory
life are really less likely to remain steadily at work than old factory
hands, or (6) whether they are less likely to remain

;
but the

conditions of employment are so favourable at L.7 as more than
to counter-balance the initial instability of the population.

Evidently the ideal plan statistically is to tabulate losses by
previous occupation, but even in L.I and L.2 the data are hardly
numerous enough to allow of this being done with any hope of

reaching averages which would bear statistical scrutiny, and

they are of course much too scanty in L.7. This process must
therefore be deferred until further data have accumulated. It

is prudent to suspend judgment on the point. The investigation
does, however, disclose facts of practical importance at the

present time. We see that the losses of a factory, which is by
no means in the rear rank of existing munition factories, are

nearly three times those of another factory the conditions of

which, although good, can hardly be considered an ideal unattain-

able elsewhere. Now we cannot say definitely that these better

conditions are the cause of the advantage ;
it is arguable, in view

of the previous occupational distributions, that what has really

happened is that the country factory has drawn its labour from

country people, and that these are less, prone to change than
urban girls. But, if this is the case, it follows that special efforts

should be made to recruit the country girls for munition factories,

and, wherever possible, to extend the factories operating in

provincial towns of the second or third rank, or in purely country
districts-. It should, on this hypothesis, be considered whether
the superior transport facilities of the great cities really compensate
for the waste of time and effort involved in numerous short term

engagements and re-engagements. Of course, if this alternative

explanation should prove on further examination to be unneces-

sary, then a rapid levelling up of the hygienic conditions to the

standard established in the factory under notice will suffice to

steady employment.
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One point must at least be regarded as definitely established,

viz., that existing rates of loss in many factories are unnecessarily

high, and that so long as they continue the effective mobilisation

of labour for national service has not even been approximately
realised. When expressed in terms of the whole munition making
female population the avoidable losses must amount to many
thousands.

Thus far we have examined in detail two factories, the external

characteristics of which contrast ;
we must now study one the

circumstances of which are, in some measure, intermediate

between two extremes.

VII. STUDY or A MIDLAND FACTORY.

The requisite data were obtained from a factory in a midland
industrial city, manufacturing and filling fuses for 18-pdr.
shells. The establishment is organised into tw^o branches, one

manufacturing the fuses the other loading them, hereafter called

L.4 and L.5. In both sections the general hygienic condition

of the shops is excellent. The immediate surroundings are of

the usual type one associates with the inner suburban zone of a

manufacturing town. The factory is at some distance from the

centre of the town, the neighbourhood is crowded, and there is

much difficulty in obtaining lodgings. Cheap restaurants or

tea shops are not numerous, perhaps less so than in corresponding

metropolitan areas. To meet these inconveniences, the firm

has provided canteens and residential hostels. The former are

well constructed, and the arrangements for serving and preparing
meals cleanly and efficient. The proportion of women who
actually purchased their meals in the canteens was not, so far

as simple observation revealed, very large, and there seemed to

be an impression that the accommodation was insufficient.

The residential hostels, which housed a larger proportion of

the women employed in L.5 than of those in L.4, were provided
with separate canteens. Here also, passing over certain com-

plaints which refer to temporary occurrences, the smallness of

the accommodation seems to have been the principal defect.

This factory employs the whole-time services of a qualified
medical woman, and all women admitted to work in the filling

section are subjected to a preliminary medical examination.

For purposes of inquiry the records kept proved to be similar

to those made in L.2, L.I and L.7, with the rather unfortunate

exception that no particulars were available as to the previous

occupations of the women.

In a general way, it may properly be inferred that the welfare

system was inferior to that of L.7 but superior to that of factories

L.I and L.2. As to material differences between L.4 and L.5,

in addition to the points above noted with reference to preliminary
medical examination and the fact that a larger proportion of
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the women in L.5 resided in the hostels, it is to be mentioned
that the rate of payment was higher in its shops.

The period statistically investigated covers engagements
effected between 1st January, 1916, and 1st December, 1916,

and refers to 2,584 engagements in the filling and 2,424 in the

making shops. The data have been handled precisely as those

discussed above, with one exception. In L.I and L.2 the (very

small) number of women who left on grounds of medical unfitness,

as distinct from actual illness, were classified under the general

heading "left for 'sufficient' reason." In this factory the

numbers, being relatively numerous, were scheduled separately.
The nine tables contain the full analytical results. We will

consider first L.4 (Tables 31-35). The differences between the

rates for different age groups, whether statistically significant or

not, are absolutely small and need not detain us
;

we may
compare the table for all ages with that of L.I. So far as the

rate of loss from all causes is concerned the difference is not at

all striking. The present factory has the advantage in the

first month but loses it afterwards, with the result that the

numbers lost by the conclusion of the fifth month from entrance

are not very different in the two cases. The detailed distribution

of losses is not, however, the same, the other factory had con-

sistently higher losses for
" no known reason," the present lost

more for
"
health

"
reasons, even apart from the elimination of

workers as medically unfit. As there is no reason to suppose that

this factory is in any way more unhealthy than the former one,
the explanation must be, either that a large proportion of those

who left in the other factory without giving any reason did so

for reasons of health, or, alternatively, that the health losses in

the present case were really losses without adequate reason, the

bad health being merely an excuse. The latter alternative is

perhaps the more probable, because, in view of the presence of a
whole-time medical officer, it seems likely that most of the genuine
cases of illness will fall under the medical unfitness column

which, it will be noted, dees not differ much in relative magnitude
from the health column of the earlier table. If, however, this

explanation is not accepted, it would seem that the health losses

are rather serious, amounting to nearly 1 per cent, per mensem

throughout the table, over and above the medical rejection of

nearly J per cent, per mensem.

Looking at the results generally we may properly assimilate

the experience with that of the first factory, and contrast it with
that of factory L.7.

Passing now to L.5 (Tables 36-40) the rates are seen to be

consistently much lower than in L.4. This difference is seen

particularly in the sub -section of losses for no known reason, the

health losses not being greatly "less than in the other factory.
At first this factory seems to yield better results than even L.7 V

but this first impression is not altogether borne out by further

study. So far indeed as the first month is concerned this factory
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seems better, but its rates of loss in subsequent months are

consistently high, higher than in the other establishment, with
the result that the numbers who have left by the end of the fifth

month form 12-6 per cent, of original entrants as compared with
10 per cent, in the previous case. On the basis of the numbers
at risk, it is not practicable to assert any superiority of one over
the other. The evident superiority of the L.5 C. over L.4, which is

too distinct to be properly attributable to chance errors, needs

explanation. Three factors which have probably contributed
are (1) the preliminary medical examination of entrants, which
weeds out many of the unfit

; (2) the higher proportion of women
arrived from long distances and specially housed under some

supervision ; (3) the higher rate of payment. Some further light
would be thrown upon the relative importance of these factors

inter se if we had a knowledge of the occupational distribution

of employees before engagement, and if we had accurate data as

to net earnings for the two groups. Neither desideratum being
available we must leave the possible explanations without

comment. But the general result, viz., that the factory as a
whole (i.e. L.5 and L.4 together) is better off than L.I and L.2

and worse off than factory L.7 in the matter of wastage, while it

occupies a similarly intermediate position between the two
factories in welfare efficiency, is to be remembered when the

general welfare account comes to be balanced.

VIII. STUDY OF FACTORIES ON HEAVY WORK.

I now turn to a group of three factories, also situated in a

provincial manufacturing city but doing rather different work
from that which has so far come under our notice.

These three factories are all manufacturing projectiles. H.3

produces 4-6 inch shells, H.2, 6-9 inch shells, and H.I, 9-15 inch

projectiles. The H.I workers are on time wages, the remainder

on piece-work. Up to August, 1916, eight hour shifts were worked
in all three

;
since then 'H.3 has used twelve hour shifts.

Women employed in these factories are for the most part
recruited in the district, and no residential hostels have been

provided. The factory canteens are good, while two of the

factories themselves are well constructed. The third (H.2) has

not been considered altogether satisfactory from the hygienic

standpoint.
In Tables 41-53 I present statistical analyses, which are

comparable with those prepared for the other factories. Table 54

similarly provides information respecting previous occupation.
A consideration of Tables 41-53 reveals the fact that H.I, H.2,

and H.3 do not, with the exception of the age group 18-22,

compare favouiably with any other factory so far discussed in

thip report. Great caution must be exercised in drawing con-

clusions, because the absolute numbers of employees are small,

and on this account I abstain here from any attempt to differen-

tiate H.I, H.2, and H.3 one from another. That the rates of
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loss at ages above 22 are significantly greater than in the first

age group (no statistics are provided for girls under 18 as the

number was quite insignificant) is I think established. I have

applied the test mentioned above (p. 16) to the comparison of

rates of loss in the age groups 18-22 and 23-27 for H.I, H.2 and

H.3, grouping together the exposed to risk in month 9 and

subsequent months. The probability that the observed difference

is a mere chance is, by this test, very small
;
less than 6 in 10,000.

This test is not, as remarked in the appendix, altogether satis-

factory, having been devised for a slightly different kind of

statistics, viz., death-rate at ages of ordinary vital statistics,

but is acceptable as a rough and ready criterion.

If the separate tables are carefully examined it will appear
that the unusually heavy losses are seriously contributed to by
the

"
ill health

" and "
other sufficient reasons

"
columns, a fact

which suggests that we are really dealing with an evil for which
the employees themselves are not responsible. I am of course

aware that the accuracy of statements purporting to describe

the grounds for leaving is not likely to be of a high order. But,

simply regarded as indices, these classifications are I believe of

real value. It would be a gratuitous assumption to suggest that

the proportion of untruthful persons in one factory is likely to

differ sensibly from the percentage in another. I think, therefore,
that these three factories offer a problem in need of an objective
solution. The record of previous occupations does not furnish

this. Unfortunately a large proportion of the women have had
no entry made upon their cards as to the nature of the previous

employment, but, so far as appears (Table 54), the percentage of

industrially employed women is greater than in L.I, L.2 or L.7.

We should expect this to be the case in a large manufacturing
city using local labour, and it is possible that this contributes to

frequent changing of employment, there being good opportunities
to obtain another place. Further than this we can hardly go.

The next fact to be considered is that, while the women
undergo no preliminary medical selection, their work is appreciably
heavier than in the fuse and cartridge factories, which provided
so much of our other material. The large percentages of women,
especially older women, who gave up work on alleged physical

grounds are clearly consistent with the view that we have to deal

with an occupation which is on the whole unsuitable for such

women, so that both a preliminary medical examination and also

perhaps a re-distribution of female labour as between factories of

different types might solve the problem. I do not, however,
think that any such far-reaching conclusion can properly be based

upon data obtained from a single group of factories. It is

necessary to widen the scope of this inquiry, and to look upon the

results here communicated as suggestive of what such a wider

inquiry might contribute to our practical knowledge.
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IX. GENERAL COMPARISON OF LIGHT AND HEAVY FACTORIES.

(A) Introductory.

The reader has now been brought to the point at which I

arrived on May 2nd, 1917
;

there seemed to be a considerable

difference between the wastage of women workers in factories on

relatively light physical work and in those engaged upon more
laborious tasks, but this conclusion rested upon a comparison
between several

"
Light

" and only a single group of
"
Heavy

"

factories. It was accordingly decided to investigate several

more "
heavy

"
factories, and also one or two "

light
"

factories.

The "
heavy

"
group comprises one very large controlled

establishment making projectiles, eight national projectile fac-

tories and one national shell factory ;
the representatives of the

"
light

"
class were an explosives supply factory and a national

cartridge shop. ^*&lj
The data have been distributed into 55 tables which, owing to

curtailment of paper supplies and expense of setting, cannot
be reproduced here. In making comparisons, certain fallacies

exist which cannot be completely guarded against but may be
minimised .

(B) Sources of Error.

All the establishments previously considered were such and,
from the point of view of time period investigated,* so chosen

that variations of production or programme did not complicate
the comparisons. When we so extend our data as to include as

many factories as can furnish statistics (which is what was done
with respect to national projectile factories) we cannot pick and

choose, and may be dealing with a period during which, owing
to changes of constructional programme, large numbers of hands
were discharged. This does not of course affect the rates of loss

for insufficient reasons, provided the records are properly kept,
because women discharged on account of changes of programme
are entered under the heading

"
left with sufficient reason."

* A point in the method of reduction which may seem to the reader

arbitrary, is that we restrict the analysis to persons who entered during
the period to which the losses relate. Thus when we took, say, the losses

of 1916, we only used those relating to entrants during that year, so that
we could have no persons exposed to risk for more than a year. It may
be asked why did we not tabulate all persons, irrespective of their date
of engagement, who were exposed to risk during the chosen period,

bringing for instance a person, engaged a month before the period started,
into the

"
exposed to risk

" column of the second month (not, of course,
into the first month) and so on ? The advantage would be to increase

the numbers upon which the rates of leaving for later months are based ;

the disadvantage is that the survivors from an earlier period of service

may (under the rapidly changing industrial conditions) have been subject
to a process of selection different from that in operation during the period
chosen. This disadvantage, combined with practical difficulties of

consulting older records of engagement, has determiRed the actual

procedure.
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But it might greatly affect the total rate of leaving, and a compari-
son of such rates might therefore be gravely misleading. Thus,
the fact of one factory having a higher rate of loss than another

might only mean that the constructional programme of the

former had been varied during the period under review. As

mentioned, the comparison of rates of leaving for no known
reason or those due to ill health would be less affected by this

disturbance were the records accurate. But no ex post facto

investigations, as these necessarily are, can proceed on the

assumption that the list of those who left without recorded reason

does not include a proportion of Josses consequent upon a change
of programme. In one or two of the factories (e.g., H.4) it was

possible to select a period in which no changes of programme or

difficulty in securing supplies of raw material complicated the

analysis, and I always endeavoured to secure suitable periods.
This endeavour may not, however, have been always successful.

Another theoretical source of error is the fact that the period
studied has not been the same in all factories. Consequently, in

combining the data into a general summary we are bringing

together observations which are not strictly comparable, for

they do not relate to contemporaneous events. This error was

unavoidable, but, as the periods available are not in fact widely

separated, in particular, there has not been a systematic choice

of more recent periods for H. factories as a whole, it is improbable
that the admitted heterogeneity introduces a practically important
error. The next point arising is the broad classification into

L. and H. groups. In all but two instances there is no doubt
as to the appropriate class

;
the L.'s were engaged in rifle

cartridge, fuse making or filling work, while the H.'s were on

heavy projectile manufacture. The borderland cases are L.6

and H.5, where smaller shells were made. Hence both might
have been grouped under H. or L. The considerations deter-

mining the actual classification of these intermediates were that

L.6 conformed in several other respects to the circumstances of

L.8, the classification of which was free from doubt, while similarly
H.5 had points of resemblance to H.6. In any event, the

classification being doubtful, an allocation of one factory to each

group is appropriate. On the whole there is no doubt that the

actual amount of muscular effort required by a working day
of the same length is greater in factories of class H. than in

those of class L. Of course variations exist as between different

factories within the same class, but the general difference is of

the kind indicated.

We can now review the influence of different factors upon
the rates of loss.

(c) Influence of Age.

This matter has been discussed in detail above in connection
with individual factories. A general survey is provided by
Table 74 (in this table the under 18 group is not given because
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few of the H. factories employed sensible numbers of girls under

18). The figures prefixed with the signs ^ are the probable errors

of sampling computed by a method described in the Appendix.
These probable errors are to be regarded as mere rough approxi-
mations

;
differences falling within three times the limits of

these errors may be disregarded ;
on the other hand greater

deviations cannot be decisively asserted to lie outside the real

limits of feasible sampling errors. The survival rates which are

compared are the percentages of entrants still at work at the
conclusion of the third month from entrance (i.e., after the
losses of months 0, 1 and 2 have been allowed for). This limit

has been taken as covering reasonably probable variations of

registration, and also as corresponding to the extreme period of

novitiate within which the average entrant has not attained her
best level of productive power.

It will be seen that the survival rates diminish with age
almost invariably among the H. factories, while this is not so

in the L. group. Taking the combined data of the two groups
we reach Table 75. We find that the age group 18-22 is in a

more favourable position than either of the later age groups

among H. employees, while the differences observable in the L.

group are almost within the sampling errors of the determination

and not practically important.
The older women differ from the younger, not only in age

but also in that a larger proportion of them are married. Un-

fortunately we have not statistics of civil state for the whole of

the factories, but the data of Table 78, relating to three factories,

sufficiently illustrate the point. It appears that the double

handicap of age and home duties is insufficient to diminish

appreciably the resisting powers of the older women, so far as

light physical labour in factories is concerned
;
when we pass

to a heavier type of work this ceases to be true. The general

analysis confirms the surmises based upon the particular compari-
son of factories discussed above. We may conclude that, from

the point of view of wastage, the recruitment of women over 22

for H. factories is relatively disadvantageous.

(D) Influence of Type of Work.

In continuation of the above comparison we may bring beside

one another the same age classes of different factories. It will

be seen that the wastages are on the whole smaller throughout
the L. group at each age than in, the H. group (see Tables 61-72

and Tables 74-5). At ages 18-22 the difference is, however,
small. At ages 23-27 and over 28 it is sufficiently obvious. At

the same time I draw conclusions with some reserve. One at

least of the H. factories (H.8), showing a very heavy rate of loss

at all ages, did not furnish data which I regard as entirely

satisfactory.
On the whole, however, the general impression is confirmed

by the increase of wastage with age among nearly all H. factories,

and the failure of L. factories to exhibit this.
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A specially interesting comparison is between H.6 and L.3,

both of which are situated in the same part of the country and
conform to the highest standards of general management. L.3

is a national filling factory handling T.N.T.
;
H.6 is a national

projectile factory. The three months' wastages are not

significantly different at ages 18-22 nor at ages 23-27. At ages
over 28 the filling factory loses appreciably fewer women than

the projectile factory. In this comparison all factors are constant

save the type of work, and the inference seems legitimate that

labour in projectile factories is really less suitable for older women.

(E) Discussion of Losses from III Health.

I cannot attach much importance to the recorded incidence of

sickness for reasons set out above
;
the data are not attested by

medical evidence and may be no measure of the true incidence

of sickness upon munitions workers. Still, it is necessary to

call attention to the results. From general Table 59 we learn

that among nearly 37,000 women under observation for at least

a month, illness or medical unfitness is given as the cause of

leaving 1,651 times. A survival table showing the wastage
which would have occurred had sickness alone been responsible
for leaving is provided in Table 76. It appears that the losses

from ill health are practically the same at all ages in L. factories,

while they increase but not uniformly
'

after age 22 in the H.
factories. The girls under 23 have fewer sickness losses in the

H. than in the L. factories. An explanation which suggests
itself is the differential incidence of toxic jaundice and allied

conditions upon younger women in filling factories. This is

not, however, the real explanation, for it is unsubstantiated by
a comparison of Tables 79 and 80, which record the particulars
for age groups 18-22 in the most accurately comparable filling

and projectile factories. In those tables it will be seen that the

sickness losses of the filling factory are not higher than those of

the projectile factory.

(F) Local Variations.

I have already called attention to the wide local divergencies
in commenting on special factories in detail. I have suggested
that some part of the explanation is to be found in differences

in the efficiency of welfare supervision. I cannot say that this

explanation is demonstrably correct, but the contrasting condi-

tions of L.7 and L.5 on the one hand with those of L.I, L.2, L.4
and L.8 on the other are of interest. It might not unreasonably
be suggested that any factory which loses more than 20 per cent,

of its entrants within three months should institute a special

enquiry into the reasons. Naturally, in some cases, it will be
found that quite sufficient reasons exist. Thus, the heavy losses

of L.6 are explicable on the ground of great difficulties in securing

housing accommodation, but this explanation will not cover all

cases.
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(G) Hours of Labour and Wastage.

Table 77 contains particulars of hours of labour brought
into comparison with rates of wastage at ages 28 and over

(these latter rates being, I think, sensitive indices of change).
It is evident that the two variables are not closely connected.
It is true that in the two factories with the longest working
weeks the survival rates are low, but the highest survival rates

are not found in the factories working the shortest hours
;

ex-

pressed as a correlation we have r -05 i -16, to which no

significance attaches.

The comparison throws no new light upon the connection
between industrial wastage and length of hours. Of course, it

does not demonstrate that no important connection exists.

The data are unsuitable for an exact analysis.

(H) Relation of Wastage to Previous Occupation.

The facts elicited are shown in the various tables, and it

would be of interest to determine whether wastage varies among
recruits from different classes of industry. I am of opinion
that the available data are inadequate for such an inquiry.
The returns of no single factory are numerous enough to allow of

the necessary sub-division being undertaken with a real hope of

arriving at statistically significant results
;

a combination of

the totals is impracticable, since the proportions of employees
whose previous industrial history was unrecorded vary from

factory to factory. Altogether, apart from this, it is improper
to combine the data because geographical factors necessarily
influence the frequency with which particular occupations are

drawn upon. These geographical factors, to which I alluded

above, are perhaps of as much importance as previous occupa-
tion. All the factories studied in this report, except L.7, are

situated in purely industrial districts. I think it would be
well to examine the records of some wartime factories which
"have been erected in towns not normally industrial in character.

X. GENERAL CONCLUSIONS.

The primary object of this inquiry was to ascertain the

actual extent of industrial wastage among women employed in

munitions factories, and this object may, I think, be deemed
to have been attained. It is true that the analysis covers but a

small proportion of the total number employed in munitions

industries, but the actual scope of the inquiry relating to nearly
40,000 employees in 18 representative factories is sufficient to

entitle the sample to be regarded as typical of existing conditions.

The general sense of the later observations is concordent

with that of the fully analysed material provided by factories

discussed in the earlier sections of this report and confirms the

inferences provisionally drawn from that material. Some of

the minor conclusions are, as noted in the text, subject to a
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measure of uncertainty and are therefore provisional, but broader

conclusions cannot be contested.

In the first place, it has been proved that the magnitude of

the problem of wastage is considerable, that there is much dis-

continuity of employment, even in the best-managed factories,

which must prejudicially affect output.
In the second place, it has been shown that much of this

wastage is inexplicable or at least unexplained. The greatest

proportion of the losses is unaccounted for. Of a total number
of 11,005 women who left, 6,697 gave no reason for so doing
or a frivolous reason. This is not a satisfactory state of affairs.

In the existing shortage we can ill afford to allow the ranks to

be depleted without sound reason being rendered. There is no

panacea for the disease, but there is one promising remedy :

this is organised welfare work. We have already seen that in

factories with well-organised welfare departments the wastage
unaccounted for is below the average, even if we must hesitate

to bring the two things into the simple relation of cause and effect.

The experience of such factories as L.7 is instructive in this

respect. No claim is set up that the statistical inquiry has

brought to light an unknown truth in this connection
;

but it

has suggested an approximate measure of the magnitude of the

effect. When we compare the varying rates of loss in different

factories doing similar or identical work and remember what
a large proportion of these losses is debited to the unexplained
group, we realise the extent of the field open to welfare work.
What is needed is no mere paper system of stringent inter-

rogatories administered to the women who leave. Such a

system might diminish the number of women falling within my
N.S.R. class, but whether it would do more than stimulate the

operative's ingenuity in inventing plausible excuses is doubtful.

Intelligent and sympathetic ''following up" of absentees is

more likely to produce good results than any addition to the

mass of questionnaires and forms. which already encumber the

tables and burden the lives of factory officials.

In the third place, it appears that the general strain of factory
life in itself is not worse borne by elder than by younger women,
even in factories engaged upon chemical work which has often

been associated with specific danger to the health of certain

individuals. On the other hand, when the general strain of

factory conditions is combined with more than a very moderate

degree of actual physical work, women over 23 come less well

through the ordeal. The difference is not indeed catastrophic,
but it is distinct enough to make an attempt at systematic

recruiting of the older women for the physically lighter labour
and of the younger women for the more strenuous tasks worthy
of practical attention. It is to be noted that the nature of the
distinction is not the mere truism which a hasty reader might
suppose. No statistics are necessary to prove that women
really in the decline of life are unsuitable for heavy labour. The
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change occurs during physical maturity, and its most plausible
explanation is that the older women, of whom a larger proportion
will be married and have young children than of the girls under
23, have not sufficient reserves of energy to meet the double
demand made upon them.

I consider that the above inferences are fully established by
the evidence submitted. The more detailed hypotheses and
suggestions as to various points are, I believe, worthy of con-
sideration and are on that ground submitted to the reader's

judgment. Finally, it is my pleasant duty to acknowledge the
valuable assistance rendered by my co-workers, Miss Thompson,
Miss Willcox and Miss Woods, upon whom has fallen nearly all

the labour of collecting and much of the labour of analysing the
data. I have also gratefully to acknowledge the financial assist-

ance of the Medical Research Committee which enabled me to
secure clerical help at the beginning of the inquiry.

APPENDIX I. TABULAR MATTER

TABLE 1.

Losses and Gains in Munition Factory A.I. (1916).

Month.
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TABLE 4.

Cordite Factory.
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TABLE o.

Rates of Loss (Percentages), Cordite Factory.
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FACTORY L.I.

TABLE 7. All Ages (4th Aug., 191 1st Dec., 1916).

T U
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FACTORY L.I.

TABLE 9. Ages 13-17 (1st Jan., 19114^ Aug., 1914).

T - . ,41.
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TABLE 11

FACTORY L.I.

-Ages 23-27 (1st Jan., 19114^ Aug.. 1914).
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FACTORY L.I.

TABLE 13. Ages 18-22 (4th Aug., 1914 Is* Dec., 1916).
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TABLE- 15. Ages 28

FACTORY L.I.

tint I over (4th Aug., 1914- 1st Dec., 1916),
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FACTORY L.2.

TABLE 17. Ages 18-22 (1st Jan., 19114^ Aug., 1914).
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TABLE 19.-

FACTORY L.2.

-Ages 18-22 (4th Aug., 1914 Is* Dec., 1916).
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FACTORY L.2.

TABLE 21. Ages 28 and over (4th Aug., 19141^ Dec., 1916),
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TABLE 23.

Numbers remaining at Work out of 1,000 Entrants in accordance

with Various Rates of Loss.

Remain-
ing
after

months
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FACTORY L.7.

TABLE 25. Ages under 22 (1st Jan., 19161^ Feb., 1917).
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FACTORY L.7.

TABLE 27. Ages over 28 (1st Jan., 1916 1st Feb., 1917).
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TABLE 29. Observed Losses of L.I compared with those expected

from the Experience of Factory L.I.

Under
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FACTORY H.3. TABLE 41. Ages 18-22.

(1st March, 1916 IsZ March, 1917.)

Length
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FACTORY H.2. TABLE 44. Ages 18-22.

(1st July, 1916 1^ March, 1917.)

Length
of time,

in

months.
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FACTORY H.I. TABLE 47. Ages 18-22.

(1st Aug., 19161^ March, 1917.)

Length
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FACTORIES H.I, H.2 AND H.3. TABLE 50. Ages 18-22.

Length
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FACTORIES H.I, H.2 AND H.3. TABLE 53. All Ages.

Length
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ALL FACTORIES. TABLE 55. Ages 13 17.
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ALL FACTORIES. TABLE 57. Ages 23 27.
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ALL FACTORIES. TABLE 59. Combined Ages.
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ALL L. FACTORIES. TABLE 61. Ages 13 17.
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ALL L. FACTORIES. TABLE 63. Ages 23 27.
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ALL L. FACTORIES. TABLE 65. All Ages.
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ALL H. FACTORIES. TABLE 67. Ages 13-17.
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ALL H. FACTORIES. TABLE 70. Ages 18-22.
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TABLE 74.

Three Months' Survival Rates.

Factory.
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TABLE 77.
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APPENDIX II.

NOTE ON ERRORS OF SAMPLING.

When we desire to know whether a set of observations either (a)

effectively obeys some assumed law or, (b), merely gives results in sensible

agreement with those of some other set of observations, we must ascertain

whether any divergence between theory and practice in the former case,

or between the two practical experiences in the latter case, is or is not

greater than might be expected often to occur by virtue of those chance
fluctuations which occur when samples small, relatively to the populations
from which they come, are our only means of information.

Problem (a) has been solved by Professor Karl Pearson in a series

of admirable researches, dating from 1900.

If we have a distribution into classes :

Group,
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It is also pointed out that the fraction

usually differ much from unity, so that :

va
s -f a'J* N N will not

(d. + <
is approximately equal to yf.

The probability that the two sets of observations have been drawn
from a common source is then deduced by entering x

1 with n = the
number of age groups plus one, in the published tables, for testing goodness
of fit and finding the appropriate value of P (see Tables for Statisticians
and Biometricians, pp. 26-28).

The weak point is the assimilation of the actual condition (6) to the
a priori condition (a), a difficulty noted in the memoir from which the
above results are cited. Pearson and Tocher (op. cit., pp. 173-4) show
that, if quantities like d

s
and d'

s
are approximately normal in distribution

then pt
= - ~~ is a close approximation to that value of pt

which will

make x* as small and consequently P as large as possible.

As Yule and the writer have pointed out (Proc. Roy. Soc. Med., 1915,
VIII, Sect. Epidem., pp. 117 et seq.}, a practical consequence is that,

although samples compared by this test and, on its finding, deemed to be
differentiated may certainly be so regarded, the converse is not true.

The theoretical considerations involved are of considerable interest,
and will be developed at length in a mathematical paper by Yule and the

writer, part of which is completed. In the present connection other

difficulties are of more importance. Thus, although the use made of

Pearson and Tocher's method in Table 23 of this report is quite defensible,
there are certain objections.

The fundamental data are :

Ex-
posure
Time

Interval
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and before completing the second month. Suppose one factory writes

off its losses at once, we have :

n. p. Q. P.

t . . .. 1,000 100 -900 -100

/! .. ..900 50 -944 -056

Suppose the other factory does not write off any losses until the absentee's

name has been on the books at least a month, its record will run :

n. p. Q. P.

t . . .. 1,000 1-000 -000

fj .. .. 1,000 150 -850 -150

The number of survivors at the end of the second month is in each the
same

;
the rates of loss for the separate months different. But what is

really interesting is precisely the number of survivors at the end of a

period such as three months, because this gives us the proportion of

entrants actually reaching a stage of normal productivity. Differences

in the method of reaching this proportion of survivors, which would be

emphasised by the x
a
test, may very often have no real significance, be

mere peculiarities of book-keeping. Of course, in the particular examples
chosen in the text to exemplify the method, this source of disturbance
was known to have been absent, while under no circumstances is it likely
to involve such extreme consequences as indicated in the imaginary case.

Indeed the rule, where any is found, is not that losses are only struck
out after a definite period from entry, but that the absentee is only removed
from the list when her absence exceeds a certain number of weeks. The
effect is, in theory, merely to cause a uniform transfer of

"
deaths " from

one group to the next. In practice, however, the transfer is much
concentrated upon the early, especially upon the first, exposure group.

Unexplained absences prior to leaving become less and less common with

length of service. As our data chiefly relate to early months of service,
I have thought it well to make use of the survival method for comparative
purposes, and now pass to consider its probable error.

We have :

's
= Qo Qi Q.-I

s
s being the proportion surviving at the end of the sth exposure.

Taking logarithms, and differentiating, we have :

>* = SQo 4. *Qi ,

. Qo Qi Q.-I
Hence :

_ = -_3* -u Q-'
4.

2 s GO GO / rr\
<j O 2

... Q 2 v^m VcJm Wm
5 fj KI s -I

and
'

(1) becomes :

If k = k 1
=

. . . ks_ l
= 0, i.e., all those existing at the close of the

observation period, were at risk throughout, n QQQ
= n^ . . . n

s_^
Ms-aQs-a and (2) becomes :

K^
- (3)
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Since qm = nm - pm .

Now writing qm .i qm for pm and reducing, (3) becomes :

<**!**
. (4)

This is the familiar expression for the square of the standard deviation
of the proportion of successes in n trials, where qs_ -f pt^ n .

(2) is a valid expression, on the assumption stated, for the general
case. But the assumption may very properly be questioned. If the
different rates are on the average negatively correlated, which would
be the case when losses are selective, the poorer workers being weeded
out earlier, (2) is too large. If there be positive correlation, i.e. all the
rates increased or diminished by some common factor, such as an epidemic,
changes in the hygienic conditions, lengthening of hours, &c., (2) is too

small. We have no means of evaluating the correlation, and (2) has
been adopted in the text examples. Plainly it is but a rough guide,

although the best we can use.
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